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Abstract. The ANTARES collaboration is currently 
operating the largest neutrino detector in the North- 
ern Hemisphere. One of the goals of ANTARES is the 
search for dark matter in the universe. In this paper, 
the first results on the search for dark matter in the 
Sun with ANTARES in its 5 line configuration, as well 
as sensitivity studies on the dark matter search with 
the full ANTARES detector and the future cubic- 
kilometer neutrino telescope studied by the KM3NeT 
consortium are presented. 

Keywords: Dark matter, neutrino telescopes, super- 
symmetry 

I. Introduction 

Observational evidence shows that the majority of 
the matter content of the universe is of non-baryonic 
nature, befittingly called dark matter. Various extensions 
of the Standard Model of particle physics provide a 
well-motivated explanation for the constituents of dark 
matter: the existence of hitherto unobserved massive 
weakly interacting particles. A favorite amongst the 
new particle candidates is the neutralino, the lightest 
superpartner predicted by supersymmetry, itself a well- 
motivated extension of the Standard Model. 

In the supersymmetric dark matter scenario, 
neutralinos have been copiously produced in the 
beginning of the universe. The expansion of the 
Universe caused a relic neutralino density in the 
universe today analogous to the cosmic microwave 
background. These relic neutralinos could accumulate 
in massive celestial bodies in the Universe like the 
Sun, thereby increasing the local neutralino annihilation 
probability. In the annihilation process new particles 
would be created, amongst which neutrinos. This 
neutrino flux could be detectable as a localised 
emission with earth-based neutrino telescopes like 
ANTARES. 

II. The ANTARES neutrino telescope 

ANTARES is currently the largest neutrino detector 
in the Northern Hemisphere | |1|2|3| . Located at a depth 
of about 2.5 km in the Mediterranean Sea offshore from 
France, ANTARES is a Cherenkov neutrino telescope 
comprising 12 detection lines in an approximately cylin- 
drical layout. Each line is comprised of up to 25 storeys, 
each storey contains 3 ten-inch photomultiplier tubes. 
The distance between detection lines is 70 m, and ver- 
tically between adjacent storeys 14.5 m, resulting in 
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Fig. 1: The 12 line ANTARES effective area. 

an instrumented detector volume of about 0.02 km^. 
The detector was completed in May 2008. Prior to its 
completion, ANTARES has been taking data in interme- 
diate configurations of 5 and 10 detector lines for more 
than one year. The angular resolution of the telescope 
depends on the neutrino energy Ei, and is of the order 
of one degree at low energy (Eiy < 1 TeV), relevant to 
dark matter searches. 

The sensitivity of a neutrino telescope is convention- 
ally expressed by the neutrino effective area A^^. It is 
defined as 

R{t) = ^E,,t) A^^^{E,) (1) 

where R{t) is the detection rate and ^{Ey^t) is 
the incoming neutrino flux. The ANTARES effective 
area (12 lines) for upgoing f^^v^'^ is shown as 
a function of the neutrino energy in the low energy 
regime in Fig. [T] The increase of the effective area 
with neutrino energy is mainly due to the fact that the 
neutrino-nucleon cross section as well as the muon 
range in water are both proportional to the neutrino 
energy. 

III. KM3NET 

The KM3NeT consortium aims to build a cubic- 
kilometer scale neutrino telescope in the Mediterranean 
Sea | |4|5| . During the Design Study phase of the 
project, several detector designs are explored. In this 
study (see Sect. |V]) we assume one of the possible 
detector configurations, the so-called "reference 
detector". This homogeneous cubic configuration 
consists of 225 (15x15) detection lines, each line 
carrying 37 optical modules. Each optical module 
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Fig. 2: The logio(^/i + ^/i) flux from neutralino annihilation in the Sun [km~^year~^] in mo-mi/2 mSUGRA 
parameter space, for six different tan(/?) intervals. Aq varies between — 3mo and 3mo. The flux was integrated 
above = 10 GeV. 



contains 21 three-inch photomultiplier tubes. The 
distance between detection lines is 95 m, and vertically 
between adjacent optical modules 15.5 m, resulting in 
an instrumented detector volume of 1 km^. 

IV. Neutralino annihilation in the Sun 

We calculated the + flux resulting from neu- 
tralino annihilation in the centre of the Sun. Instead 
of the general supersymmetry scenario, we used the 
more constrained approach of minimal supergravity 
(mSUGRA) in which models are characterized by four 
parameters and a sign: mi/2, Aq, tan(/3) and 

sgn(/i). The calculation was done using the DarkSUSY 
simulation package |6 | in combination with the renor- 
malisation group evolution package IS ASUGRA 1 7 1 . We 
assumed a local neutralino halo density of 0.3 GeV/cm^. 
To investigate specifically those mSUGRA models that 
possess a relic neutralino density ft^ that is compat- 
ible with the cold dark matter density ^^;^,WMAP as 
measured by WMAP |8|, the neutrino flux was calcu- 
lated for approximately four million mSUGRA models 
using a random walk method in mSUGRA parameter 
space based on the Metropolis algorithm where ft^ 
acted as a guidance parameter | 9 |. We considered only 
sgn(/i) = +1 models within the following parameter 
ranges: < mo < 8000 GeV, < mi/2 < 2000 GeV, 
— 3mo < Aq < 3mo and < tan(/3) < 60. 

The resulting + flux from the Sun, integrated 
above a threshold energy of Ejy = 10 GeV, can be 
seen in the mo-mi/2 plane for six different tan(/3) 
ranges in Fig. |2] Models in the so-called focus point 
region produce the highest solar neutrino flux. In this 



region of mSUGRA parameter space the neutralino has 
a relatively large higgsino component and therefore a 
large neutralino vector-boson coupling. This enhances 
the neutralino capture rate in the Sun as well as the 
neutralino annihilation to vector-bosons, resulting in 
a relatively high neutrino flux with a relatively hard 
energy spectrum LIOJ . 

V. Expected detection sensitivity 

The ANTARES detection sensitivity for neutralino 
annihilation in the Sun was determined by considering 
the irreducible background from atmospheric neutrinos 
and an additional 10% of that flux due to misrecon- 
structed atmospheric muons in a search cone of 3 degree 
radius around the Sun. Based on the ANTARES effec- 
tive area in Fig. [TJ the average background prediction 
after 3 years of effective data taking is ~7 neutrinos. 
Assuming that only the average background rate will 
be measured, a 90% CL upper limit on the neutrino 
flux from the Sun for 3 years of effective data taking 
was derived, according to ifTTIl . This can be compared to 
the ANTARES detection rate from the expected neutrino 
flux from neutralino annihilation in the Sun. 

The resulting ANTARES detection sensitivity in 
the mo-mi/2 mSUGRA parameter space for six 
different tan(/3) intervals is shown in Fig. [3^. The 
results of the analogous calculations for the KM3NeT 
detector outlined in Sect. Ill are shown in Fig. [3J). 
Green/yellow/red colours indicate respectively that 
all/some/no mSUGRA models (depending on Aq 
and tan(/3)) can be excluded at 90% CL after 3 years 
of effective data taking by the considered experiment. 
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(a) ANTARES (12 lines) 
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(b) KM3NeT 



Fig. 3: Sensitivity of ANTARES (Fig. ^) and KM3NeT (Fig. ^) in mo-mi/2 mSUGRA parameter space, for 
six different tan(/3) intervals. Aq varies between — 3mo and 3mo. Green/yellow/red indicates that all/some/no 
mSUGRA models (depending on Aq and tan(/3)) can be excluded at 90% CL after 3 years. 



The sensitivity of ANTARES is sufficient to put 
constraints on parts of the focus point region of 
mSUGRA parameter space, while KM3NeT would be 
sensitive to most of this region. 

VI. Data analysis 

The data taken during the operation of the first 5 lines 
(Jan-Dec '07) were used to search for a possible excess 



in the neutrino flux from the Sun. The effective livetime 
of this period corresponds to 68.4 days, reduced from 
the full 164 days due to detector dead- time and the 
condition that the Sun has to be below the horizon. The 
number of observed neutrinos in a search cone around 
the Sun is shown in Fig. |4] as a function of the search 
cone radius. The expected number of background events 
from Monte Carlo simulation is in good agreement with 
the estimation obtained by randomising the direction 
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(a) Upper limit on the neutrino flux from the Sun 



(b) Upper Hmit on the muon flux from the Sun 



Fig. 5: Upper limit on the neutrino flux from the Sun above Ej^ = 10 GeV (Fig. 5a) and the corresponding 



muon flux above = 1 GeV (Fig. 5b) for the 5-Hne ANTARES period as a function of the neutraUno mass, in 



comparison to the expected flux from the mSUGRA models considered in Sect. IV and other experiments. 



and arrival time of the observed events. The upper limit 
and sensitivity on the number of signal events according 
to 111 I is also shown. 

The corresponding upper limit on the neutrino flux 
from the Sun was calculated as a function of the neu- 
tralino mass assuming two extreme annihilation cases: 
Pure annihilation into vector-bosons and into bb quarks 
only, referred to as "hard" and "soft" annihilation re- 
spectively. The neutrino energy spectra at Earth for both 
cases were calculated as a function of the neutralino 
mass using the simulation package WimpSim 1121 . as- 
suming the standard oscillation scenario. The search 
cone used in both cases was optimized as a function of 
the neutralino mass by Monte Carlo simulation before 
data analysis. The resulting upper limit at 90% CL on the 
neutrino flux from the Sun, integrated above a threshold 
energy of = 10 GeV, can be seen for both cases in 



Fig. 5a Also shown is the expected neutrino flux from 
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Fig. 4: Number of observed neutrinos and expected 
background events as a function of the search cone 
radius around the Sun. 



the mSUGRA models considered in Sect. [IVJ divided 
into three categories according to the compatibility of 
their to ^;^,WMAP- Models indicated in green lie 
within 2(7 of the preferred WMAP value, while models 
in red/blue have a higher/lower relic density. 

The corresponding upper limits on the muon flux 
above a muon energy threshold of E^ = 1 GeV for 



both annihilation channels is shown in Fig. 5b as well 
as the expected muon flux from the mSUGRA models 



considered in Sect. IV and upper limits determined 
by other indirect detection experiments 1 13|14|15|16|17| . 



VII. Conclusion 

The first upper limits of the ANTARES detector in 
its intermediate 5 line configuration on the neutrino 
and muon flux from neutralino annihilation in the 
Sun have been obtained. Monte Carlo simulations 
based on the full ANTARES detector and a possible 
configuration of the future KM3NeT detector show that 
these experiments are sensitive to the focus point region 
of the mSUGRA parameter space. 
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